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A novel fluorescent on —off switchable chemosensor 1 with two different types of cationic binding sites is synthesized, which is composed of

a triazole-modified calix[4]crown in the 1,3-alternate conformation. Among 15 metal ions examined, the fluorescence of 1 was strongly quenched

by Hg?*, Cu2*, Cr3*, and Pb2*; however, the revival of emission from the strongly quenched 1 -PbZ™ complex was achievable by the addition
of K+, Ba%", or Zn?" ions. Thus, metal ion exchange can trigger an on  —off switchable fluorescent chemosensor.

The design and synthesis of fluorescent chemosensors withbridged through entities which enable the divergent orienta-
desirable properties is of considerable current interest in tion of cavities of a size and nature sufficient to accommodate
supramolecular chemisttyMost calix[4]arene-based fluo-  a variety of guest& Recently Kim and co-workers reported

rescent sensors have been designed based on photophysicah elegant synthesis of 1,3-alternate calix[4]crown as a
changes upon metal ion binding and their mechanismsditopic fluorescence sensor, where the two pyrene amido
include photoinduced electron transfer (PEphotoinduced groups represent one of the cationic binding sites and the
charge transfer (PCP)formation of monomer/excimérand crown-ether moiety represents the other. The calix[4]crown
energy transfet.Calix[4]crowns offer particular promise  showed a strong excimer emission when free in solution,
because the function of calix[4]arene and crown units is

(4) (a) Jin, T.; Ichikawa, K.; Koyana,

(1) (a) Czarnik, A. W [ahatteiig! 1995 2, 423. (b) de Silva, A. P; 1992 499. (b) K|m S. K, Lee S.H.; Lee, J. Y.; Lee, J. Y,; Bartsch R
Gunaratne, H. Q. N.; Gunnlaugsson, T.; Huxley, A. J. M.; McCoy, C. P.; A.; Kim, J. S. “JQOM 126, 16499. (c) Schazmann B.;
Rademacher, J. T.; Rice, T. Ghamt=Rg 1997 97, 1515. (c) de Silva, A. Alhashimy, N.; Diamond, Dl ©006 128 8607.

P.; Fox, D. B.; Huxley, A. J. M.; Moody, T. Sy 2000 (5) (a) Jin, T misseeiSeneees 1999 2491. (b) Castellano, R. K.; Craig,
205 41. (d) Molecular FluorescenceValeur, B., Ed.; Wiley-VCH: S. L.; Nuckolls, C.; Rebek, J., il 2000 122, 7876.
Weinheim, Germany 2001. (6) (a) Casnati, A.; Pochini, A.; Ungaro, R.; Ugozzoli, F.; Arnaud, F;
(2) (a) Aoki, I.; Sakaki, T.; Shinkai, _n Fanni, S.; Schwing, M.-J.; Egberink, R. J. M.; de Jong, F.; Reinhoudt, D.
1992 730. (b) Bu J-H,; Zheng Q.-Y.; Chen, C.-F.; Huang, ZQig, N. il d 995 117, 2767. (b) Pulpoka, B.; Asfari, Z.; Vicens,
Lett. 2004 6, 3301. J. iniiassusmingtt1996 37, 6315. (c) Ikeda, A.; Shmkal W

(3) (a) Leray, I.; Lefevre, J.-P.; Delouis, J.-F.; Delaire, J.; Valeur, B. 1997 97, 1713. (d) Haverlock, T. J.; Mirzadeh, S.; Moyer, B. AAQ.
(miaiteiniian ) 2001, 7, 4590. (b) Kim, S. K.; Bok, J. H.; Bartsch, R. A; Ehaamec2003 125 1126. (e) Lee, S. H.; Kim, J. Y Ko, J.; Lee, J. Y.;
Lee, J. Y.; Kim, J. SQugdeatt. 2005 7, 4839. (c) Choi, J. K.; Kim, S. H,; Kim, J. S. inifisagin 2004 69, 2902. (f) Lee, J. Y, Kwon, J.; Park, C.
Yoon, J.; Lee, K.-H.; Bartsch, R. A.; Kim, J. Sainitaisigin 2006 71, S.; Lee, J.-E.; Sim, W.; Kim, J. S.; Seo, J.; Yoon, |.; Jung, J. H.; Lee, S. S.
8011. Qg lott 2007, 9, 493.

10.1021/0l071337+ CCC: $37.00  © 2007 American Chemical Society
Published on Web 07/25/2007


http://dontstartme.literatumonline.com/action/showImage?doi=10.1021/ol071337+&iName=master.img-000.jpg&w=267&h=121

but was able to show an etff fluorescence cycle when  procedures were also employed in the synthesis of compound

K* or P?" ion was added sequentialty. 2 from 1,3-dimethyl-2-(prop-2-ynyloxy)benzene (see the
As part of our continued interest in the design and Supporting Information for details). Compouddcontains

synthesis of chromogerii@nd fluorogenic chemosensors, both the calix[4]crown and the triazole groups as metal ion

recently we reported a methodology of attaching isoxazoline binding sites, whereas compouiatontains only a triazole

or isoxazole units onto the upper or lower rims of calix[4]- for metal ion binding.

arenes by 1,3-dipolar cycloadditioh&Here, we report the The fluorescence spectrum {10 «M) in MeCN/CHCk

synthesis of a new fluorescent-enff switchable calix[4]- (v/iv = 1000:4) exhibits a characteristic monomer emission

crown using the Click chemist®of an azide and an alkyne  of anthracene witfinax = 415 nm (excitation at 367 nm),

to form a triazole binding sit& which is very similar to that o (see Figure S9 in the
The synthetic routes for fluorescent sensbrand2 are ~ Supporting Information). Using fluorescence spectroscopy

depicted in Scheme 1. Our synthesis began with the @s atool we then screened the metal ion binding abilities of
1 and 2 by comparing the fluorescence intensities of the

solutions before and after adding 10 equiv of 15 metal ions
as their perchlorate salts: LiNa", K*, Mg?*, C&", B&,
Scheme 1 Cw2t, Hg?t, C*, P*, C*t, Agt, Ni2t, Mn?t, and Zri+.

The results are shown in Figure 1. We found that the
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S Cul, H,O/THF, rt 24 h O e([N Figure 1. Fluorescence intensity changek+{{( o)/l x 100%) of
( 85% N-N fluoroionophored and2 (each of 1Q«M) in MeCN/CHC} (1000:
Il Q t 4, vlv) at 298 K upon addition of various metal perchlorates (10
' equiv). Excitation wavelength was at 367 nm fosnd 350 nm for

2

2. 1, is fluorescent emission intensity at 415 nm of each free host,
and| is the fluorescent intensity after adding metal ions.

precursors of 25,27-bi€¢propargyl)calix[4]aren&! in the

cone conformation. Cyclization &with tetraethyleneglycol  fluorescence ol (10 M) was strongly quenched by Rg
ditosylate by using GE0O; in MeCN provided3 in the 1,3- Cw?t, CrPt, and PB" ions; however, it showed enhancement
alternate conformation in 35% yield. Cu(l)-catalyzed 1,3- after addition of K, B&*, and Z#* ions. The fluorescence

dipolar cycloaddition reaction of calix[4]crowi3 with of 2 was also strongly quenched by HgCr**, and C@&"
9-(azidomethyl)anthracerin the Click condition afforded  ions but not by Pb". These results suggest that#gCu?t,
the intense fluorescent 1,2,3-triazdlén 82% yield. Com-  and CP* ions can be recognized by the monotriazole group

poundsl and3 are proven to be in 1,3-alternate conforma- of senso alone (vide infra fofH NMR supports); however,
tions because the four methylene bridged carbons in eachthe complexation of Pt ion requires the coordination of
case showed only one peak' it NMR spectrd® The same  the two triazole groups ofl, which leads to a severe
fluorescence quenching. The fluorescence quenching of both
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The complexations of Hg, Cr¥*, and C&" ions with 2
are supported b¥H MNR titration experiments (see Figure
S10 in the Supporting Information). In the presence of 1.0
equiv of HF", Cr**, and C@" ions, respectively, chemical
shifts of protons H—H: of 2 are significantly downfield
shifted; in particular, the peak ofcn the triazole group is
downfield shifted by 0.75, 0.70, and 0.88 ppm, respectively.
In contrast, the phenoxy protons, lAnd H, are downfield
shifted by only 0.1+0.31 ppm.

The fluorescence spectra {10 «M) at various concen-
trations of PB' are depicted in Figure 2; as can be seen, no
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Figure 2. Changes in fluorescence emission spectra @0 uM)
upon titration by P& in MeCN/CHCE (v/v = 1000:4) Qexcitation
= 367 nm).

shift in the fluorescence maximum was observed. However,
the fluorescence intensities dfgradually decreased as the
concentration of PY increased from 2 to 100M. On the
basis of the fluorescence intensitylods a function of [PH],

the association constant farP?™ in MeCN/CHCE (1000:

4, viv) was calculated to be 3.7t 10 M~! by a Stern-
Volmer plot!* In the Job plot (see inset of Figure 2)a

maximum fluorescence change was observed when the molal

fraction of ionophorel vs P+ was 0.5, indicative of a 1:1
complex. Similar fluorescence titration behavior and a 1:1

of 1; however, PB" is mostly bound to the two nitrogen
atoms of the triazole groups and partly to the crown-5 unit
(see Figure 3). In the presence of 1.0 equiv ¢f Khemical
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Figure 3. 'H NMR spectra ofl (2.5 mM) in a CDC}CD;CN
(3:1) solution (a) and in the presence of 1 equiv of metal perchlorate
(b) K* and (c) PB", where the asterisk denotes NMR solvent peaks.

shifts of protons R—H, on the crown-5 ring ofl changed
significantly, and the peak of Hvas upfield shifted by 0.34
ppm due to its proximity to the crown-Gmetal complex.
However, the peak of iin the OCH,-triazole unit was little
influenced, indicating that Kis complexed byl via the
crown ether unit. By contrast, upon adding 1.0 equiv cf'Pb
to the solution ofl, the peak of Hon the triazole group
was downfield shifted by 0.42 ppm and the peak qfdd
the OCHa-triazole unit was upfield shifted by 0.50 ppm,
suggesting that the two triazole groups are involved in the
complexation with P Interestingly, the peaks of HH,
on the crown-5 unit ofl are more downfield shifted in the
presence of PBy than those in the presence of Ksuggesting
that the PB" ion is also complexed with the crown-5 and
the smaller ionic radii of Py compared to K explainsg’
why H, did not show much difference in chemical shift.
Selective K binding by the crown-5 ring of the triazole

binding stoichiometry was also observed in the cases of Modified calix[4]crownl was also proven by an experiment

fluoroionophoresl and 2 with Hg?*, Cl/#*, and C#* ions,
respectively (see Figures S1$22 in the Supporting Infor-

where K was titrated into thd-P?** complex (vide infra).
Since compound contains two different metal ion binding

mation for details). From these data, the association constant$ites: & metal ion will choose the more favorable one when

for complexation of Hgt, Cw?*, and C#* by 1 and2 were
estimated, yieldingl-Hg?t = 2.82 x 10° MY, 1-Cw@" =
2.09x 1P ML, 1-.Cr¥" = 7.69 x 10* M1, 2-Hg?" = 3.05
x 10* ML, 2:Cl¥* = 1.65x 10* M1, and2:Cr3* = 2.49
x 10* M~ In contrast, the addition of 16 M K* to a
solution of 1 in MeCN/CHCE (1000:4, v/v) gave ca. 20%

added to the solution df. On the one hand, the two nitrogen
atoms of triazole groups dfprefer to bind PB' ion resulting

in a severe fluorescence quenching. On the other hand, the
calix[4]crown-5 unit ofl prefers to bind K ion, which leads

to a small fluorescence enhancement. Thus, we observed an
interesting off-on switching process when the*Kon was

fluorescence enhancement because alkali metal cations ar@dded into a solution of-Pk** (1:10) complex, and the

believed to be bound by the calix[4]crown-5 riHy.
Metal ion-induced chemical shift changes in theNMR
spectra support that the'on is bound to the crown-5 ring

(14) For a SteraVolmer plot please see: Stern, O.; Volmer, Bhys.
Z.1919 20, 183.

(15) For a Job plot, please see: Job ARGeeteaig? 1928 9, 113. (b)
Connors, K. A.Binding ConstantsWiley: New York, 1987.
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fluorescence intensity was gradually enhanced and reached

(16) Casnati, A.; Ungaro, R.; Asfari, Z.; Vicens, J.Galixarenes 2001
Asfari, Z., Bohmer, V., Harrowfied, J., Eds.; Kluwer Academic Publish-
ers: Dordrecht, The Netherlands, 2001; pp 3884.
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Chem 2002 67, 2348. (b) Kim, J. S.; Noh, K. H.; Lee, S. H.; Kim, S. K;
Kim, S. K.; Yoon, J 2003 68, 597. (c) The ionic radius for
K+ is 1.38 A and that for P& is 1.19 A.
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a plateau after adding about 40 equiv (v€Plof K™ (see
inset of Figure 4). It appears that this metal ion exchange
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Figure 4. Fluorescence emission changes for tH@0 M) with
10 equiv of Pb(CI@), in MeCN/CHCE (v/v .= 1000:4) upon
addition of various amounts of Kion (Lexcitation = 367 nm).

process is due not only to an electrostatic repulSibetween
the two metal ions but also to a negative heterotropic
allosteric effect® In the reverse of this metal ion exchange
process, the Pt ion was gradually added into a solution of
1-K* (1:10) complex, and the fluorescence intensity was
shown to be quenched by the#lhon as shown in Figure
5. Again, metal ion exchange is evident from the gradual
decrease of fluorescence intensity where th&d Rim moves
in and the K ion moves out front.

It should be noted that we were unable to revive the
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Figure 5. Fluorescence emission changes for tHd0 uM) with
10 equiv of KCIQ in MeCN/CHCE (v/v = 1000:4) upon addition
of various amounts of Pb ion (Aexcitation= 367 nm).

the three metal complexes @f(i.e., 1-Hg?", 1-C?*, and
1-Cr3"). We have also carried out experiments using'Ba
and Zri#* ions to affect the fluorescence dP** and found
that Kt is by far the most efficient cation to revive the
fluorescence ofl.. About 20 equiv of K ion (vs PB*) is
sufficient for the revival of the fluorescence dfP?*
complex; however, at least 500 equiv ofBaor Zrét is
needed to attain a 90% recovery of the fluorescence (see
Figures S24 and S25 in the Supporting Information). This
suggests that complexation of Baand Zri#* into the crown
ether site ofl is weaker than complexation dfwith Pl?*

in the triazole units. Alternatively, it may imply that Ba

or Zr#t is more weakly bound to the triazole unitsbthan
P, therefore, they need higher concentrations to compete
with the PB* ion.

In summary, we have designed a new type of fluorescent
chemosensor with two different cationic binding sites on
lower rims of a 1,3-alternate calix[4]crown. Furthermore, we
have proved that the triazole group(s) can bind metal ions
based on both fluorescence spectroscopy &ndNMR
titration experiments. Upon the addition of HgCuw, Crét,
or PB?* ions into a solution ofl in MeCN/CHC} (1000:4,
viv), the fluorescence spectrum was strongly quenched
because of a reverse PET from the anthracene unit to the
triazole group. On the other hand, addition of #6 a solution
of 1 showed a small enhancement in emission intensity

fluorescence intensity of the severely quenched complexesbecause K is entrapped by the crown-5 unit. Interestingly,

(i.e., 1-Hg?t, 1-Cw?t, and1-Cr®") in MeCN/CHC} (viv =
1000:4) even after the addition of 1000 equiv of ién (see
Figure S23 in the Supporting Information). The results
suggest that complexation oftknto the crown ether site of

1 could not induce the decomplexation of HigCw*, and
Cr** ions from the triazole siteperhaps the electrostatic
repulsion between the two metal ions is not strong enough.
Since Hg", CW#t, and C#* ions are shown to be recognized
by monotriazole?, the results in Figure 5 may also imply
that no allosteric effect occurred upon addiition of kKo

(18) (a) Shinkai, S.; Ikeda, M.; Sugasaki, A.; Takeuchi, At
Res.2001, 34, 494. (b) Takeuchi, M.; Ikeda, M.; Sugasaki, A.; Shinkai, S.
2001, 34, 865. (c) Kovbasyuk, L.; Kramer, alaktmig
2004 104, 3161.
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the fluorescence df is quenched by Pb but can be revived
by the addition of excessKion into thel-P?* complex.
Thus, the metal ion exchange can trigger an—ofi
switchable fluorescent chemosensor.
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